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J.R. Boyle,1,2* P.J. Gibbs,1 A. Kruger,2 C.P. Shearman,1 S. Raptis2 and M.J. Phillips1Departments of Vascular Surgery, 1Southampton General Hospital, Southampton, UK; and
2Royal Adelaide Hospital, Adelaide, SA, AustraliaObjectives. The greatest benefit of endovascular AAA repair (EVAR) may be in the management of rupture (RAAA).
However, the detailed anatomical assessment required for EVAR has lead to concerns of surgical delay and death during
cross-sectional imaging. In this study, we prospectively assessed patients with RAAA and correlated time of hospital arrival
with time of surgery or death to ascertain whether these concerns are justified.
Methods. All patients presenting with RAAA between October 2000 and December 2002 were included. The hospital
arrival time, onset of surgery or time of death, were recorded, as were demographic and physiological parameters.
Results. One hundred consecutive patients were studied, median age 75 years (range 54–94). Seventy-nine patients
underwent attempted conventional surgical repair and 21 were palliated. The median delay from arrival to operation was
159 min (range 16–1450 min). Mortality in the surgical group was not affected by the length of delay (pZ1.0) or by CT
scanning (pZ0.34). The median time from arrival to death in the non-surgical group was 435 min (15 min–6 days).
Conclusions. Most patients who present with ruptured AAA experience a significant delay prior to surgery. This study
suggests it is safe to assess the majority of RAAA patients for EVAR.Keywords: Abdominal aortic aneurysm; Rupture; Temporal relationships.Introduction
Despite, a gradual improvement in survival after
conventional surgery for ruptured abdominal aortic
aneurysm (AAA) over the past 50 years, operative
mortality remains high at approximately 40%.1 The
rapid advances in the treatment of elective AAA by
endovascular techniques over the past decade and the
objective evidence of a reduction in systemic morbid-
ity associated with this approach2 has inevitably led to
enthusiasm for endovascular repair of ruptured AAA
(RAAA) in the hope that it may reduce peri-operative
morbidity and mortality associated with conventional
surgery.
The assessment of aortic morphology to determine
suitability for endovascular repair is fundamental
prior to elective surgery and contrast enhanced spiral
computed tomography is the modality of choice in
many institutions. Most centres that perform EVAR foring author. Jonathan R. Boyle, MD, FRCS, Department
rgery, Addenbrookes Hospital, Hills Road, Cambridge
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angiography) CTA to establish the diagnosis, exclude
other abdominal pathology and allow pre-operative
planning.3 These investigations, however, take time to
organise and perform and, therefore, potentially delay
surgery in unstable patients.4 There are, however,
already a number of inbuilt delays for patients
presenting with RAAA. One study identified a mean
delay of 25 h between onset of symptoms and hospital
admission.5 Furthermore, after arrival in the emer-
gency room there are further delays whilst the
diagnosis is established, appropriately qualified
anaesthetic and surgical staff contacted, the operating
room made ready and the patient is transported to
theatre.
One study identified a mean survival of 8 h in
patients who presented with RAAA and were mana-
ged non-operatively.6 There is, however, very little
reliable data on delays from admission to surgery in
these patients. We hypothesised that most patients
were in hospital for a period of time long enough to
safely undergo cross-sectional imaging prior to sur-
gery. In this study, we calculate the delay from arrivalEur J Vasc Endovasc Surg 29, 505–509 (2005)
doi:10.1016/j.ejvs.2005.01.027, available online at http://www.sciencedirect.com on
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cohort of 100 consecutive patients who presented with
ruptured AAA. In addition, we evaluated whether the
length of delay or pre-operative CT scanning affected
survival.Methods
One hundred consecutive patients who presented
with ruptured abdominal aortic aneurysms were
included in the study. Patients with symptomatic
non-ruptured aneurysms were excluded. Diagnosis of
rupture was made by a combination of clinical
assessment, ultrasound and CT scanning, operative
findings and autopsy. Demographic data was collected
prospectively on all patients who presented with
ruptured AAA irrespective of whether they under-
went attempted surgical repair. The time of arrival in
hospital, onset of surgery or death without surgery
was recorded in all cases. The number of patients who
underwent cross-sectional imaging to help ascertain
the diagnosis was also recorded. All surgical repairs
were performed by a conventional transperitoneal
approach. Neither unit offered emergency EVAR to
any patient during this study period. Operative
mortality was defined as death within 30 days of
surgery or during hospital admission.
Data was collected at two institutions, Southamp-
ton General Hospital between October 2000 and
December 2002 and at The Royal Adelaide Hospital
between January and December 2002.7 These units
both act as tertiary referral centres for vascular surgery
in their geographical locations. There were no signifi-
cant differences between the co-morbidities of patients
presenting to the two institutions, apart from a higher
incidence of ischaemic heart disease in the Adelaide
patients, and, therefore, were treated as one group for
the purpose of statistical analyses.7 The study received
local ethical committee approval. Statistical analysis
was performed using Minitab (Minitab Inc., PA, USA).
Data is presented as medians, inter-quartile ranges
(IQR) and ranges due to non-parametric distribution.
The Mann–Whitney U test was applied to group
comparisons. Chi squared test was used to compare
mortality between groups. A Kaplan–Meier curve was
constructed.Results
One hundred consecutive patients (86 males), median
age 75 years (IQR 68–79 years) presenting with
ruptured abdominal aortic aneurysm were includedEur J Vasc Endovasc Surg Vol 29, May 2005in the study. The group comprised 68 patients from
Southampton and 32 from Adelaide. Thirty-three
patients (33%) were initially assessed at peripheral
hospitals prior to transfer to the tertiary referral unit.
Seventy-nine underwent attempted surgical repair
and 21 were given palliative care or died prior to
surgery. All patients in the surgical group had rupture
confirmed at surgery. All the palliated patients had
clinical or radiological findings confirming the pre-
sence of an abdominal aortic aneurysm, however,
autopsy results were not available to confirm rupture
in all cases. The reasons for not offering surgical repair
in the latter group have previously been described7
and are listed in Table 1. The hospital mortality was
47% (47 of 100 patients) with an operative mortality of
33% (26/79).
Complete data on hospital arrival, timing of surgery
and death was available in all patients. The median
time from arrival to commencement of surgery was
159 min (range 16–1450 min). Time from admission to
surgery for all patients is demonstrated in Fig. 1. The
length of delay did not affect outcome in the surgical
group in this study, the median delay was 108 min
(IQR 60–333 min) for patients who underwent surgery
and died compared to 172 min (IQR 64–305 min) for
those who survived (pZ0.98 ns). Furthermore, when
the surgical patients were divided into two groups by
length of delay from admission to surgery there was
no difference in mortality. Thirteen of 39 patients
undergoing surgery within 159 min of admission
(median 61 min, range 16–145 min, Group 1) died
compared with 13 of 39 who underwent surgery after
159 min (median 302 min range 179–1450 min, Group
2) (pZ1, Chi squared test). There was no difference in
median systolic blood pressure on arrival between
those patients operated on early, median 120 mmHg
(IQR 83–127 mmHg, Group 1) compared to those
whose onset of surgery was later, median 115 mmHg
(IQR 92–144 mmHg, Group 2) (pZ0.25, Mann–Whit-
ney). However, those patients who had a longer delay
prior to surgery (Group 2) had significantly shorter
hospital stays, median 9 days (IQR 6–13 days) than
those in Group 1, median 14 days (IQR 5–27 days, pZ
0.01).
Nineteen patients had CT scans prior to surgery to
make or confirm the diagnosis. This group waited
significantly longer for surgery than those who had no
CT scan, median 255 min (IQR 185–494 min) versus
95 min (60–255 min) (pZ0.005). However, there was
no significant difference in mortality between these
two groups, with seven of 19 (36.8%) dying after CT
compared to 19 of 60 (31.7%) without a scan (pZ0.34
Chi squared test). One patient in this group was
known to have a suprarenal AAA and had been
Table 1. The reasons that surgery was not performed in 21 patients
Reason for no surgery Number of patients
Previous elective decision 7
Co-morbidity (1)
Co-morbidity plus
Thoracoabdominal aneurysm (1)
Suprarenal AAA (2)
Juxtarenal AAA (3)
Cardiac arrest prior to surgery 7
Age related co-morbidity 6
Incurable lung malignancy 2
Patient declined surgery 2
Thoracoabdominal rupture on CTscan 1
Some patients had more than one reason.
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morbidity. The CT revealed free fluid within the
peritoneal cavity but no convincing rupture. He
underwent laparotomy to identify and treat a general
surgical cause, but was palliated once rupture was
confirmed. Four further patients had CT imaging but
no surgery, two had been turned down for elective
surgery and scans were performed to confirm that
rupture was the cause of their symptoms. In two
further patients CT demonstrated no rupture and
urgent surgery was planned for the next day, both,
however, died of rupture before theatre. Accurate data
on CT scans performed at peripheral hospitals prior to
transfer is not available.
The 21 patients who did not undergo surgery
survived for a median of 7 h 15 min (range 15 min–6
days). The cumulative survival for all the non-surgical 
Fig. 1. Curve plotting delay from admission topatients is plotted in Fig. 2. Seven patients arrested
prior to surgery or selection for surgery or palliation.
One arrested in the ambulance just prior to arrival in
the emergency room after transfer from a peripheral
unit and treatment was withdrawn after 15 min of
cardiopulmonary resuscitation. Four further patients
arrested prior to a decision regarding surgery had
been taken; none had had or were awaiting a CT scan.
In two patients (2%) decisions to operate had been
taken but they arrested prior to surgery, as mentioned
above.
When taken as a whole the median time from
admission to death or surgery was 185 min (IQR 65–
405 min). Put another way 82% (65/79) waited more
than 1 h from admission to surgery and only 3 (14%)
non-surgical patients died within an hour of
admission.Discussion
This is the first prospective report addressing the
natural history and temporal relationships of patients
presenting with ruptured AAA. The patients who
were palliated in this study had a very similar median
survival to that previously reported by Walker et al., in
a retrospective study, they identified a mean time from
diagnosis of RAAA to death of 8 h, although they
excluded three patients who survived more than
24 h for unexplained reasons.6 A contemporarysurgery in minutes for all operated patients.
Eur J Vasc Endovasc Surg Vol 29, May 2005
Fig. 2. Survival curve plotting cumulative survival in hours after admission with ruptured AAA in patients not undergoing
surgery.
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patients showed a median survival of 10 h 45 min
from admission. The authors also recorded the median
time from onset of symptoms to death of 16 h 38 min
although this was based on incomplete data.8
We chose time of arrival in the emergency room as
the initial time point measured because it was easily
available and validated by the hospital computer
systems. The time of initial presentation to peripheral
units although available in most of the 33 cases was
thought to be less reliable and not so easy to validate.
In addition, the aim of this study was to identify
whether time is available to safely assess the majority
of patients for EVAR, and so delays prior to admission
to the tertiary unit were irrelevant. Furthermore,
although data was available on the time of onset of
symptoms, this was very subjective and again had
little relevance in addressing the study aims.
Only two patients (2%) died prior to surgery, after
the decision to operate had been made (although a
further four patients died without a decision), both
were thought to have intact symptomatic aneurysms
and urgent surgery was planned for the next day, they
died 8 h 50 min and 9 h 5 min after admission and
both had rupture confirmed on post-mortem. A
previous retrospective study demonstrated that 7.4%
(47/632) of patients in whom a decision to operate had
been made, died in the emergency room, en route to
theatre or in the anaesthetic room.9 This discrepancy
may be explained by the higher percentage of patients
palliated in the current study (21 versus 11%). One ofEur J Vasc Endovasc Surg Vol 29, May 2005the most surprising findings of this study is that delay
did not translate to an increased mortality, or
conversely early surgery did not confer a survival
benefit. We do, however, know that delay caused by
transfer from other units does not adversely affect
outcome10 and this study would support the concept
of a subgroup of RAAA patients who remain stable for
some time after the event.
Interestingly, a third (7/21) non-surgical patients in
this study survived longer than 16 h, one with a
confirmed rupture and lung cancer being discharged
after 2 days and one surviving for 6 days. We are not
ethically able to obtain length of untreated survival
data in patients selected for surgical intervention;
however, one would anticipate that this group would
survive longer than patients whom had been palliated,
a large percentage of whom had severe co-morbidity.
Some have suggested that CT adds little additional
diagnostic value in patients presenting with ruptured
AAAwho are to be treated conventionally and is only
79% sensitive at identifying rupture in this setting.11
Clearly this argument cannot be applied if EVAR is
being considered as assessment of aneurysm anatomy
is fundamental to the success of the procedure. Most
centres performing EVAR for ruptured AAA use spiral
CTA or thin slice axial CT.3 The feasibility of the
technique has been established, with anatomical
suitability ranging from 20 to 81%.12–15 If patients are
unstable some have reported endovascular repair
using intra-operative angiograms and aortic occlusion
balloons without prior CT.16 At the time of this study
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This study suggests that once adequate protocols are in
place, such as that suggested by Lloyd et al.,8 it will be
safe to CTscan most patients who present with rupture.
Clearly we do not advocate unnecessary delay, but it is
reasonable toexpect apatient tobe in theoperating room
within 25 min of a CTscan being requested.8
We recognise some weaknesses in this study; in
particular, the high proportion of tertiary referrals may
hamper comparisons with other centres. This may have
falsely reduced our delays as the diagnosis was made
prior to arrival in this subgroup. Our hospital mortality
rates may also not reflect that of the entire population
served. Furthermore, delay from diagnosis to surgery,
rather than admission to surgery, may be a more useful
measure of delay, although we found this difficult to
validate.Wealso recognise that a larger study is required
to validate some of the subgroup analysis.
This project was designed as a prospective observa-
tional study to quantify the delay from admission to
surgery in RAAA patients. We have demonstrated that
significant delays already exist prior to surgery or death,
certainly longer than we had anticipated. Whilst it may
bepossible to reduce and eliminate some causes of delay
in RAAA patients we have shown that in most cases
there is more than sufficient time available to image the
majority of patients safely prior endovascular or
conventional repair. The vascular surgeon has more
time to make decisions than is generally perceived.Acknowledgements
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